It is unclear if the associations between fetal growth and later mental health conditions remain after controlling for familial factors and psychiatric comorbidity.
R educed fetal growth is associated with an increased level of mental health conditions.
1 Barring a few replication failures, 2,3 reduced fetal growth has been associated with clinical diagnoses of attention-deficit/hyperactivity disorder (ADHD), autism, depression, anxiety, substance abuse, schizophrenia, and bipolar disorder, 4-8 as well as with parentreported, teacher-reported, and self-reported mental health symptoms. [9] [10] [11] These associations are potentially mediated via changes in brain functioning. 12, 13 Two concerns, however, cloud causal interpretations. First, unmeasured genetic or environmental variables might confound the associations.
14 One remedy is to examine whether the associations persist within sibling pairs or twin pairs because they are partly matched on familial time-invariant confounders, including, for example, socioeconomic status and genetics. 15 Whereas the associations between fetal growth and ADHD, autism, and obsessive-compulsive disorder remain associated within sibling and twin pairs, [16] [17] [18] [19] [20] the associations with schizophrenia and bipolar disorder appear to attenuate and sometimes become nonsignificant. 18, 21, 22 Furthermore, the associations between fetal growth and parent-reported externalizing symptoms and substance abuse diagnoses tend to become nonsignificant within sibling pairs.
17,18
An additional problem is the high degree of overlap among psychiatric disorders. [23] [24] [25] An observed association between fetal growth and a given psychiatric condition might be attributed to that which is not shared with other psychiatric phenomena (ie, its unique part), or toward that which is shared with other psychiatric phenomena (ie, comorbidity). Research indicates that psychiatric comorbidity can be explained by a general factor of psychopathology with broad effects on virtually all forms of mental health conditions. [26] [27] [28] For example, in a sample of more than 35 000 US adults who were administered a psychiatric interview, a model of comorbidity that included a general factor fit the data significantly better.
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Supporting the effect of fetal growth on psychiatric comorbidity, in a co-twin control study of 745 twin pairs, the twin who weighed less at birth was rated as having a significantly higher score on the total problem scale of the Child Behavior Checklist, which is an approximation of the general factor, in childhood and adolescence. 30 However, it remains unknown whether fetal growth is associated with a general factor of psychopathology based on more severe clinical diagnoses, and whether the associations with the unique parts of disorders persist after isolating the general factor. The purpose of this study was to examine the influence of fetal growth on both general and specific mental health conditions, as indicated by clinical diagnoses, across the adult age spectrum in a large population-based sample of full sibling pairs.
Methods

Participants
We linked together all Swedish individuals born between January 1, 1973, and December 31, 1998 , from the Swedish Medical Birth Register, Multi-Generation Register, the National Inpatient Register and National Outpatient Register (the inpatient register captures diagnoses since 1973, and the outpatient register captures diagnoses since 2001), and the National Crime Register. The individuals were followed up through December 31, 2013. After excluding individuals who had died or migrated, we selected the oldest full sibling pair (ie, individuals who had the same biological mother and father) within each family to maximize the follow-up time (and thereby power). Because Swedish full siblings almost always grow up in the same household, 31 they are more likely to have experienced a similar shared environment. We included only full siblings who were born within 5 years of each other to maximize the probability that the shared environment remained similar for the pairs (see eTable 8 in the Supplement for other age cutoffs). The final sample consisted of 546 894 pairs of full siblings. The mean (SD) age was 27.2 (6.8) years (range, 15.1-40.9 years) and 51.5% were male. This study was approved by the Regional Ethical Review Board in Stockholm. Because the study relied on deidentified registry data, informed consent was not required.
Measures
For the exposure, as a measure of fetal growth, we focused on birth weight (in kilograms) statistically adjusted for gestational age. As covariates, we included sex, date of birth, and birth order. For the outcomes, we included inpatient and outpatient diagnoses of depression, anxiety, obsessivecompulsive disorder, posttraumatic stress disorder, bipolar disorder, alcohol abuse, drug use, ADHD, autism spectrum disorder, schizophrenia, and schizoaffective disorder assigned by the attending psychiatrist in accord with versions 8, 9, or 10 of the International Classification of Diseases (eTable 1 in the Supplement). 32 Diagnoses were recorded as lifetime prevalence rates; thus, participants could receive a different diagnosis at any point. We included only diagnoses assigned at age 12 years or later, except for autism and ADHD, which were limited to age 2 years or later. As a marker of antisocial behavior, we included court convictions of violent crimes (eg, unlawful threats, assault, and homicide), which can occur from age 15 years. We counted only the first instance of diagnoses and court convictions (ie, we treated the data as binary). Descriptive statistics about the exposure, covariates, and outcomes are displayed in eTable 2 in the Supplement.
Key Points
Question Do the associations between fetal growth and later mental health conditions remain after controlling for familial confounding factors and psychiatric comorbidity?
Findings This register-based study including more than 1 million participants and using a within-sibling pair design found that higher birth weight (statistically adjusted for gestational age) significantly lowered the risk for attention-deficit/hyperactivity disorder, autism, obsessive-compulsive disorder, and depression. Furthermore, an increase in birth weight by 1 kg significantly decreased a general factor of psychopathology by 0.047 SDs and a specific neurodevelopmental factor by 0.159 SDs.
Meaning After controlling for familial factors and psychiatric comorbidity, fetal growth was most strongly associated with specific neurodevelopmental disorders.
Statistical Analysis
Statistical analysis was performed from March 27, 2017, to October 27, 2018. We analyzed the data in wide format in a Structural Equation Modeling (SEM) framework, which featured several advantages. First, SEM allows for analyzing multiple outcomes simultaneously, such that we could separate specific from general variance at the outcome level. Second, SEM allows for analyzing error-free latent (unobserved) factors rather than partly unreliable outcomes, such that decreases in the fixed-effects estimates cannot be attributed to measurement error in the outcomes. Third, because only pairs who are discordant for the outcomes contribute to the fixed-effect estimates, analyzing latent factors that consist of several variables increases the number of discordant pairs and thereby increases the power. However, SEM is also disadvantageous in that it is a computational challenge to model the hazard ratio of multiple outcomes simultaneously. Therefore, we only modeled whether the outcome had occurred (ie, we treated the data as ordered categories, assuming that an underlying normal and continuous probability function underlay the observed binary outcomes). All analyses were conducted with Mplus software (Muthén and Muthén) using the mean-adjusted and variance-adjusted weighted least square estimator. 33 All confidence intervals were 2-sided.
Bivariate Analyses: Random-and Fixed-Effects Regression
We assumed that part of the variation in the risk for each outcome could be attributed partly to a normally distributed latent sibling pair intercept (ie, a familial effect). We regressed each disorder onto birth weight (adjusted for gestational age) and the covariates in 2 ways following the hybrid approach by Allison 34 ( Figure 1A) . First, to emulate a random-effects model, we forced the latent sibling pair intercept to be unrelated to birth weight and the covariates. This model assumes that the average degree of mental conditions in each sibling pair is unrelated to their birth weight (which would be violated if, for example, poverty or genetics led to both lower birth weight and a higher degree of mental health conditions in the pairs). Second, to emulate a fixedeffects regression model, we allowed the latent sibling pair intercept to correlate with birth weight and the covariates, thereby controlling for all time-invariant unmeasured confounders shared within sibling pairs. In other words, this model estimates whether an individual with low birth weight has an increased (or decreased) risk of developing later mental health conditions, controlling for the overall degree of mental health conditions in the sibling pair. Thus, this model controls for all unmeasured confounders shared between siblings (eg, poverty or genetics) that might lead them to have both lower birth weight and more mental health conditions compared with other sibling pairs.
Multivariate Analyses: Random-and Fixed-Effects Regression
We conducted an exploratory factor analysis on the 12 outcomes to examine whether a fewer number of latent continuous factors could account for their overlap. We used exploratory factor analysis rather than confirmatory approaches because we did not have a strong intuition about how the disorders with psychotic or neurodevelopmental features might pertain to the internalizing and externalizing disorders, and because the outcomes seemed unlikely to have simple structure. We used the scree plot to determine how many factors to extract 35 and used the bifactor rotation to isolate general from specific variance.
36,37
This generates a single general factor that captures the comorbidity among all the outcomes and a set of specific factors that captures unique variance shared only among a subset of the outcomes. Importantly, the general factor is uncorrelated with the specific factors, such that potential associations between fetal growth and the specific factors cannot be attributed to general comorbidity. We computed the explained common variance index to quantify how much of the reliable variance in the adverse outcomes was attributable to the general factor.
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Second, we regressed the latent and continuous general and specific factors onto birth weight (adjusted for gestational age) and the covariates within the SEM framework. 39 We emulated the random and fixed effects by assuming that part of the variation in each latent factor could be partly attributed to a sibling pair intercept ( Figure 1B ; see eFigure 1 in the Supplement for a more complete figure of the multivariate random and fixed model). 37 We allowed the means and intercepts to vary between the older and younger siblings, but held all other parameters (ie, variances and covariances) equal between the siblings. Because past research has indicated that some of the associations between fetal growth and psychiatric disorders appear nonlinear, 18 we included both centered birth weight and birth weight squared as the exposures. 
Multivariate Regressions
To examine whether the bivariate associations could be attributed to variance specific to each condition vs that accounted for by the general factor, we examined the multivariate structure of the 12 outcomes. The first 10 eigenvalues are 5. 81, 1.35, 1.11, 0.99, 0.60, 0.55, 0.45, 0.34, 0.27, and 0.23, in- dicating an elbow at 4 factors (see eFigure 2 in the Supplement for the scree plot). However, because we wanted to model the general factor in addition to specific factors, we extracted an additional fifth factor (but we also performed the analyses using a 4-factor solution; eTables 3 and 4 in the Supplement). = 545.222; P < .001), which we rotated toward 1 general and 4 specific factors. 37, 40 As displayed in Table 2 , 38 all outcomes had large loadings on the general factor (mean loading, 0.65; range, 0.35-0.87). The first specific factor captured anxiety disorders (obsessivecompulsive disorder loading, 0.49; and anxiety loading, 0.33). The second specific factor captured externalizing conditions (violent crimes loading, 0.57; drug use loading, 0.59; and alcohol abuse loading, 0.47). The third specific factor captured neurodevelopmental disorders (ADHD loading, 0.54; and autism loading, 0.59). The fourth specific factor captured psychotic disorders (schizophrenia loading, 0.68; and schizoaffective loading, 0.54). We then regressed the general and specific factors onto birth weight (adjusted for gestational age) and the covariates, which fit the data well (RMSEA = 0.011; 90% CI, 0.011-0.011; CFI = 0.985; TLI = 0.984; χ 2 511 = 34 688.460; P < .001). Fetal growth was associated with the general and the specific factors ( Table 3 ). The significant effect of birth weight squared indicated that risk was primarily elevated for low birth weight but not for medium or high birth weight (Figure 2) .
We then controlled time-invariant familial unmeasured confounders, which also fit the data well (RMSEA = 0.011; 90% CI, 0.011-0.011; CFI = 0.986; TLI = 0.983; χ 2 486 = 34 010.355; P < .001). Within sibling pairs, higher birth weight was significantly associated with lower scores on the general (β, −0.047; 95% CI, −0.071 to −0.023; Figure 2A ), specific anxiety (β, −0.059; 95% CI, −0.114 to −0.004; Figure 2B ), and specific neurodevelopmental factors (β, −0.159; 95% CI, −0.190 to −0.128; Figure 2D ), as well as with higher scores on the specific externalizing factor (β, 0.033; 95% CI, 0.002-0.064; Figure 2C ).
Sensitivity Analyses
In the eAppendix in the Supplement, we examined (1) whether the associations with fetal growth remained similar when extracting 4 instead of 5 factors (eTables 3 and 4 in the Supplement); (2) whether changes in diagnostic procedures might have influenced the results by analyzing only individuals born after 1987, such that they were at least 10 years of age when the ICD-10 was introduced (eTable 5 in the Supplement); (3) whether the results were driven primarily by premature births (eTable 6 in the Supplement); (4) whether the results generalized to clinical cutoffs of fetal growth (eTable 7 in the Supplement); (5) whether the results were consistent for siblings born within 2. 51, 3, 4, 6, 7, 8, 9 , and 10 years apart (eTable 8 in the Supplement); (6) whether the results were similar for samesex sibling pairs (eTable 9 in the Supplement); and (7) whether the results were comparable among those born within 3 SDs of the mean of birth weight and gestational age (eTable 10 in the Supplement).
Across all 7 sensitivity analyses, restricted fetal growth was significantly associated with higher scores on the specific neurodevelopmental factor within sibling pairs. Likewise, restricted fetal growth was associated with higher scores on the general factor across 6 of the 7 sensitivity analyses (the association approached but failed to reach conventional levels of statistical significance for siblings born within 2.51 years). The observation that reduced fetal growth increased the risk for anxiety but lowered the risk for externalizing conditions failed to emerge consistently across the sensitivity analysis.
Discussion
Reduced fetal growth had a small but significant effect on the risk of developing several psychiatric disorders in adulthood.
After controlling for time-invariant unmeasured confounders shared by full sibling pairs, only the associations with ADHD, autism, obsessive-compulsive disorder, and depression remained statistically significant. Depression, however, was subsumed by the general factor, partly in line with past research, 28,41 highlighting the importance of taking comorbidity into account when studying mental health conditions.
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In the within-pair multivariate analyses, reduced fetal growth was significantly associated with higher scores on the general and, to a greater extent, the specific neurodevelopmental factors.
Replicating past research, we found that the covariation among psychiatric disorders could be partly accounted for by a general factor. [26] [27] [28] [29] Whereas twin, sibling, and molecular genetic investigations have highlighted its genetic cause, 31, 41, 42 our study replicated a co-twin control study, which found an association of fetal growth with total symptom score in adolescence, 30 and extended it to a general factor based on more severe mental health conditions in adulthood. Thus, fetal growth seems to mediate environmental effects also to the general factor, albeit weakly. One speculation is that reduced fetal growth compromises brain development during a critical period, 43 which in turn slightly increases the risk not only for neurodevelopmental disorders but also for virtually all mental health conditions. Restricted fetal growth had the strongest association with the specific neurodevelopmental factor. It has been proposed that the association between reduced fetal growth and ADHD are preceded by an insufficient supply of oxygen and nutrients for the developing fetus 44 ; our results imply that this pathway might be shared across the neurodevelopmental spectrum. Multiple studies have found that reduced fetal growth is associated with both autism and ADHD. [16] [17] [18] 20 Because several twin studies of neurodevelopmental symptoms have indicated that a portion of their overlap can be attributed to nonfamilial sources, 45-47 a speculation is that fetal growth is one such source. Although we failed to identify an association between restricted fetal growth and psychotic disorders within sibling pairs, this null finding is in line with previous co-siblings control studies. For example, in a study of Swedish twins and a study of Danish siblings the within-pair associations between reduced fetal growth and schizophrenia became nonsignificant. 21, 22 With the caveat that this estimate tends to be relativity imprecise given the rarity of the condition, one speculation is that reduced fetal growth might not be in the causal pathway leading to psychotic disorders after adjusting for comorbidity and familial confounding. Because the associations remained after controlling for time-invariant familial unmeasured confounders, interventions geared toward increasing fetal growth might reduce future general and specific neurodevelopmental disorders. However, treatment options for fetal growth are limited and tend to have a small effect. [48] [49] [50] Because the effect sizes presented herein were small, in line with past research, 17,51 potential interventions are likely to have a relatively small effect on later psychiatric conditions. Nevertheless, given the sheer prevalence of mental health conditions, 24 combating maternal malnourishment and improving prenatal care still might influence a significant number of cases.
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Limitations
This study has some limitations. First, it is a computational challenge to model the hazard ratio of multiple outcomes simultaneously within a SEM framework. Therefore, we assumed that the overlap among the diagnoses could be accounted for by unobserved and continuous factors. Thus, we modeled only whether the events occurred, but not their rate of onset as a function of time. Second, although restricted fetal growth increased the risk for anxiety but lowered the risk for externalizing conditions, 
Random effect Fixed effect
A, Association between birth weight and the general factor. B, Association between birth weight and the specific anxiety factor. C, Association between birth weight and the specific externalizing factor. D, Association between birth weight and the specific neurodevelopmental factor. E, Association between birth weight and the specific psychotic factor. All factors are measured in standardized units. See Table 3 for the 95% CIs.
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Original Investigation Research jamapsychiatry.com (Reprinted) JAMA Psychiatry May 2019 Volume 76, Number 5 541 the association was not consistent across all sensitivity analyses. Therefore, it remains uncertain whether fetal growth is a risk factor for externalizing and internalizing conditions in this population. Third, the registers only capture individuals who have been diagnosed by specialists, which usually occurs after referral from the primary care system. Therefore, we were limited to analyzing associations with more severe forms of mental conditions. Less-troubled individuals who do not necessarily warrant referral to specialists might be included in future studies. 53 Fourth, although we used siblings born within 5 years of one another to maximize environmental matching, we did not control unmeasured confounders not shared by sibling pairs. Other types of quasi-causal designs relying on different assumptions might begin to address this concern.
14 Furthermore, we used full (compared with half) siblings to maximize genetic matching; nevertheless, only identical twins can provide complete genetic matching.
Conclusions
In this population-based sample, reduced fetal growth was associated with a small but significant increased risk for several psychiatric disorders. However, many of these associations became nonsignificant within full sibling pairs. After controlling for comorbidity, restricted fetal growth most strongly increased the risk for neurodevelopmental disorders. Note. SD = standard deviation. OCD = Obsessive-compulsive disorder; PTSD = Post-traumatic stress disorder; ADHD = Attention-deficit/Hyperactivity disorder.
eAppendix. Sensitivity Analyses
Sensitivity analysis 1: Four-factor solution
We conducted seven sensitivity analyses to examine whether the results were consistent across different conditions. First, although we opted to extract five factors, the scree plot supported fewer factors. Therefore, we repeated the multivariate fixed effects regressions, but after extracting only four factors, which also fit the data well (Root Mean Square Error of Approximation, RMSEA = .008, 90% CI: .007, .008; Confirmatory Fit Index, CFI = .998;
Tucker-Lewis Index, TLI = .994; 2 = 1557.182, degrees of freedom, df = 24, p < .001). We then rotated the four factors toward one general factor and three specific factors (eTable 3).
As before, all outcomes had large loadings on the general factor (mean loading = .66, range = .42, .86). The first specific factor captured neurodevelopmental problems (ADHD loading = .47; and autism loading = .64). The second specific factor captured obsessive-compulsive disorder at one end (OCD loading = -.33), and externalizing problems at the opposite end (violent crimes loading = .55; drug loading = .46; and alcohol loading = .36). The third specific factor captured psychotic problems (schizophrenia loading = .66; schizoaffective loading = .71).
We then regressed the general and three specific factors onto birth weight and the covariates within a fixed effect format, which fit the data well (RMSEA = .011, 90% CI:
.011, .011; CFI = .985; TLI = .983; 2 = 34639.282, df = 497, p < .001). As displayed in eTable 4, within sibling pairs, that is, after controlling time-invariant familial confounds, higher birth weight significantly predicted lower scores on the general ( = -.050, 95% CI: -.066, -.034) and specific neurodevelopmental factors , as well as higher scores on the specific externalizing factor ( = .029; 95% CI: .002,.056). Thus, on the whole, the four-and five-factor solutions appeared to generate very similar results, © 2019 American Medical Association. All rights reserved.
such that the effect of fetal growth on mental health problems does not appear to depend on the number of extracted factors.
Sensitivity analysis 2: ICD-10 only
Second, to examine whether changes in diagnostic procedures might have influenced the results, we analyzed a subsample of individuals born after 1987, such that they were at least ten years old when the ICD-10 was introduced. We re-ran the multivariate fixed effect model using this subsample, which fit the data well (RMSEA = . Although we a priori decided to only include siblings who were born within five years of each other to maximize the probability that they had experienced a similar shared environment, this particular cut-off was arbitrary. Therefore, we re-ran the analyses with additional cut-offs. In the original sample, the median age difference between siblings was 2.51 years. To examine if the results were consistent for individuals born closer in age, who might arguably have been more likely to experience a more similar shared environment, we re-ran the analyses including only individuals born within 2.51 years or less of each other.
We then continued to examine whether the associations differed across increasing 1-year intervals, ranging from siblings born up to 3 years apart, to siblings born up to 10 years apart (excluding 5 years apart, which we relied on in the original analyses).
As displayed in eTable 8, higher birth weight significantly predicted lower scores on the specific neurodevelopmental factor across all age cutoffs (mean = -.147). Furthermore, higher birth weight significantly predicted lower scores on the general factor across all age cutoffs (mean = -.043) except for those born within 2.51 years apart. For that particular age © 2019 American Medical Association. All rights reserved.
cutoff, the association approached conventional levels of statistical significance ( = -.027;
95% CI: -.060, .006).
Thus, the results appear very similar regardless of whether we restricted the siblings to be born anywhere between 2.51 and 10 years apart. However, when analyzing only siblings born within 2.51 years apart, the association between higher birth weight and lower scores on the general factor no longer reached conventional levels of statistical significance. This could have occurred because siblings born closer in age experience a more similar shared environment, which in turn was better controlled for in the analyses where the sibling pairs were closer in age, or because this subsample was smaller (leading to larger standard errors).
Sensitivity analysis 6: Analyzing sex-concordant pairs separately
Although we included sex as a covariate in all analyses, it is possible that the sexdiscordant pairs were not comparable to the sex-concordant pairs. We therefore examined Note. The first beta corresponds to a linear change in birth weight, and the second beta corresponds to a squared change in birth weight. Standard errors are presented in parentheses. Betas significant at p < .05 are bolded.
© 2019 American Medical Association. All rights reserved. Note. 95% confidence intervals in parentheses. Betas significant at p < .05 are bolded. Three standard deviations from the mean of birth weight corresponded to a birth weight between 1.94 and 5.12 kilograms. Three standard deviations from the mean of gestational age corresponded to a being born between 34.41 and 44.75 weeks.
